Abstract. The Optical Coordinate Measuring System studied in this paper is based upon the digital Close Range Photogrammetry (CRP) technology. This measuring system is suitable for on-field large-scale measurement because of its wide measuring volume, high precision and great efficiency. From the requirement of on-field large-scale measurement, we analyze the principle of binocular vision and the model of general coordinate measuring. We also analyze the software of the system base on the measuring requirement and the working flow of the system. As more and more widely the CAD is used in the industry, the author designs the coordinate measuring software base on the CAD model. The measuring precision of the system is near to ±0.1mm/m. For the moment, the system has been built up, and can measure the typical figures. The precision of the system and the degree of the automatization are satisfied.
Introduction
As the developing of the technology, the precision of measuring is required higher and higher, and the measuring method is getting various. To the geometrical measuring, it is developing to the two extremes-small dimension and large dimension. In the small dimension direction, micron measuring and nanometer measuring are being studied and applied. The large dimension measuring means within several meters to several hundred meters measuring to the special object including position, dimension, figure, track of moving and so on. Because of the rapid economic developing, the large dimension is widely used in aviation, election, automobile, shipbuilding, communication, nucleus industry, water conservancy and weapon production.
For the moment, the Coordinate Measuring Machine (CMM), transit instrument and globe station instrument are widely used in the large dimension workpieces measuring. The measuring speed, efficiency and flexibility of these instruments can't meet the need of rapid developing industry. Now, not only are the high measuring speed and high efficiency needed, but also the on-line measuring is necessary.
The technology of Optical Coordinate Measuring is an advanced measuring method, with flexible system composing, high measuring precision, large work space, and high automatization and so on. So it's ascendant to be used in on-line measuring and quality controlling. The perfect measuring space of this system is 3×3 m, but as the studying further and further, the measuring space can extend to 5×5 m, even to 8×8 m. So in the measuring space as referred to, the measuring precision can be less than 0.1mm per 1 meter. Such measuring space and precision can meet a majority of needs in industry precision measuring.
The binocular vision technology of coordinate measuring and maths model
The binocular vision technology of coordinate measuring is the basal method of obtaining 3D information of the space points. The binocular vision laser sensor which is composed of two cameras laying at left and right separately is the example of the binocular vision technology. Figure 1 is the binocular vision laser sensor. Figure 2 is the relevant maths model.
The two fixed cameras and the object to be measured form a triangle. The object makes an image in each of the two cameras, and then the relevant mark points are matched. At last, the position or the dimension of the space object can be obtained by calculating the relevant points in the two left and right images.
Using perspective imaging model, the space point P (xs, ys, zs) turns into (x 1 ,y 1 ,z 1 ) and (x 2 ,y 2 ,z 2 ) under the left and right cameras' reference frame, (x 1 ,y 1 ) and (x 2 ,y 2 ) under the left and right picture plane reference frame. Shown as follows:
The left and right cameras' reference frame can unify after applying rotation and translation(as shown in 2-1c). Uniting the three formulas mentioned above, we can get the coordinate value of point P under the left camera's reference frame: How to get the parameters R and T as well as the camera's inside parameters, it can be obtained by using local calibration. The detailed method is shown on the reference paper [2] . Megplus6.3i is used as CCD camera to grab the picture of mark points. The computer system which is installed measuring software and picture grabbing board is used to control cameras, calculate and process images, so it is the core of the OCM. The function of the standard ruler in this system is just the same as the ruler in the transit instrument. So we use the ruler to get the interrelation of the two cameras. In order to grab and process the picture conveniently and match the relevant points, the punctate lasers are used in standard ruler and butt as mark points. There are three lasers and a china sphere which is used to touch the object to be measured on the butt.
2. The course of measuring (As the picture shows) When measuring, people hands the probe touches the point to be measured, and then the two CCD cameras take pictures synchronously. In the precondition of knowing the interrelation of the two cameras, the space coordinates of the three laser points on the probe can be calculated out by using the principle of solid vision measuring. In the probe reference frame, the interrelated position of the touching sphere and the three laser points is strictly fixed and confirmed. So the space coordinate of the touching sphere can be got by the space coordinate of the three laser points, and then the measuring can be realized. In practical measuring, Optical Coordinate Measuring
OCM Software design
5.1. The interface of the software The OCM software is founded on ACIS/HOOPS which can show the figure of measured object on the interface and also can view the figure by circumvolving, zooming, moving, labelling and so on. The left part of the software interface is the managing frame which is founded on CJ60Lib to ménage the files in the project. The Figure 5 shows the interface. The software is composed of the interface module, ACIS module, image processing module, report forms module, measuring module, camera controlling module and data base. Every part has its subpart. Among them, the data base is the core of the software.
So the idea of designing the software is: Every module is composed of one or several classes. Several modules can't share the same one class.
Interface (HOOPS/MFC)
The data base is the medium of transmit data between other modules. The data that should be transmitted is saved in the data base. The connected functions are used as static function in every module except interface module. The designing of the software can reduce the coupling among the modules. When one module is needed to be amended, we need not to amend other modules or amend them seldom.
These seven modules make up of a whole system. They transmit data or function between each other so that every measuring task is completed.
Conclusion
Base on the further study on the key technologies of OCM, we have done the applying practically. We also design the software base on the data base Access and CAD model. For the moment, the system can complete measuring the object, and the precision is near to ±0.1mm/m. The precision of the system and the degree of the automatization are satisfied.
